ABSTRACT: Distillers dried grains with solubles (DDGS) are a coproduct of the ethanol industry and are often used as a replacement for grain in livestock production. Feeding corn DDGS to cattle has been linked to increased fecal shedding of Escherichia coli O157:H7, although in Canada, DDGS are often produced from wheat. This study assessed the effects of including 22.5% wheat or corn DDGS (DM basis) into barley-based diets on performance, carcass characteristics, animal health, and fecal E. coli O157:H7 shedding of commercial feedlot cattle. Cattle (n = 6,817) were randomly allocated to 10 pens per treatment group: WDDGS (diets including 22.5% wheat DDGS), CDDGS (diets including 22.5% corn DDGS), or CTRL (barley substituted for DDGS). Freshly voided fecal pats (n = 588) were collected and pooled monthly for fecal pH measurement and screened for naturally occurring E. coli O157:H7 by immunomagnetic separation (IMS) and direct plating (DP). Hide swabs (n = 367) were collected from randomly selected cattle from each pen before slaughter. Pen-fl oor fecal samples (n = 18) were collected from treatment groups at entry to the feedlot (<14 d on the fi nishing diet) and after adapting to the fi nishing diet for ≥14 d, inoculated (10 9 cfu of a 5 strain naldixic acid-resistant E. coli O157:H7 mixture), incubated (20ºC) and evaluated weekly (IMS and DP) to assess fecal E. coli O157:H7 persistence. The WDDGS group had 3.0% poorer ADG (P = 0.007), 5.3% poorer G:F (P < 0.001), and a decreased proportion of Canada Quality Grade AAA carcasses (P = 0.022) compared with CTRL cattle. The CDDGS group had a similar ADG (P = 0.06), a decreased proportion of Canada Yield Grade (YG) 1 (P < 0.001), and greater proportions of Canada YG 2 (P = 0.003) and YG 3 (P < 0.001) carcasses compared with the CTRL group. There were no differences among groups in any of the animal health parameters assessed. Inclusion of DDGS in cattle fi nishing diets had no effect on fecal shedding (P = 0.650) or persistence (P = 0.953) of E. coli O157:H7. However, feces from cattle on starter diets <14 d had longer persistence of E. coli O157:H7 (week) than cattle on fi nishing diets ≥14 d (P < 0.003). Inclusion of DDGS in feedlot diets depends on commodity pricing relative to that of barley and for WDDGS must also include the risk of feedlot performance and carcass grading disadvantages. Feeding cattle barley based-diets with 22.5% corn or wheat DDGS did not affect fecal shedding of E. coli O157:H7.
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INTRODUCTION
Expansion of the ethanol industry has led to increased availability of distillers dried grains with solubles (DDGS) as cattle feed. In Canada, DDGS are principally made from wheat and contain approximately half the oil content and more protein than corn DDGS (Gibb et al., 2008) . Feeding corn-based DDGS (wet or dry) has been shown to improve ADG and G:F in dry-rolled corn-based diets (Klopfenstein et al., 2008) with no deleterious effects on carcass quality.
Cattle diets have been investigated for links to fecal shedding and environmental persistence of Escherichia coli O157:H7, and it has been postulated that low starch in the rumen may raise intestinal pH, reduce concentrations of VFA, and promote E. coli growth in the lower digestive tract (Bach et al., 2005; Jacob et al., 2008b) . Confl icting evidence exists related to increased E. coli shedding in cattle because of feeding corn DDGS (Jacob et al., 2008a,b; Wells et al., 2009; Edrington et al., 2010) , and effects of wheat DDGS on E. coli O157:H7 in cattle have been little studied (Yang et al., 2010) . The objectives of this study were to determine the effects of feeding wheat or corn DDGS in barley-based diets on 1) feedlot performance, carcass characteristics, and animal health in commercial feedlot cattle in western Canada; 2) E. coli O157:H7 shedding in naturally colonized animals; and 3) fecal pH and persistence of this organism in the feedlot environment.
MATERIALS AND METHODS
All procedures involving live animals were approved by the Feedlot Health Management Services (FHMS) Animal Care and Use Committee with informed consent from the animal owners.
Study Facilities
The study was conducted at a commercial feedlot near Strathmore, AB, Canada (113º24′W, 51º9′N) with a onetime capacity of 30,000 animals. The cattle were housed in standard facilities for western Canada including open-air, dirt-fl oor pens with central feed alleys and 20% porosity wood-fence windbreaks. Animal handling facilities had a hydraulic chute equipped with an individual animal scale, a chute-side computer with individual animal data collection, management software (iFHMS, FHMS, Okotoks, AB, Canada), and separation alleys to facilitate the return of animals to designated pens.
Study Cattle
The cattle used in the study were fall-placed, mixed source, auction market-derived male calves. At arrival to the feedlot, animals were subject to standardized animal health management and feedlot production procedures. In brief, each animal received a unique individual animal identifi cation ear tag, a modifi ed-live infectious bovine rhinotracheitis (IBR) virus, parainfl uenza-3 (PI-3) virus, bovine viral diarrhea (BVD) virus (types I and II), bovine respiratory syncytial (BRS) virus, and Mannheimia haemolytica bacterin-toxoid combination vaccine (Pyramid 5 + Presponse SQ, Boehringer Ingelheim Animal Health, Boehringer Ingelheim Canada Ltd., Burlington, Ontario), a Clostridium chauvoei, septicum, novyi, sordellii, perfringens Types B, C and D, and Histophilus somni bacterintoxoid (Ultrabac 7/Somubac, Pfi zer Animal Health), subcutaneous long-acting tulathromycin (Draxxin, Pfi zer Animal Health, 0.024 mL/kg BW), and topical doramectin for internal and external parasite control (Dectomax, Pfi zer Animal Health, 0.099 mL/kg BW). All intact bulls were banded and animals with retained testicles were surgically castrated. All animals received a hormonal growth implant in the middle third of the ear at an average of 37 and 125 d on feed (DOF), and re-vaccination for infectious bovine rhinotracheitis at 125 DOF.
Experimental Design
Steer calves (n = 6,817) were individually randomly allocated to 3 treatment groups: WDDGS (diets including 22.5% wheat DDGS, DM basis), CDDGS (diets including 22.5% corn DDGS, DM basis), or CTRL (barley substituted for DDGS). Sourcing of cattle for the study required 8 wk and equal numbers of pens for each treatment were fi lled at each entry of cattle to the feedlot. Standard mixed complete feedlot diets and water were offered ad libitum throughout the feeding period and were formulated to meet or exceed the Nutrient Requirements for Beef Cattle (NRC, 2000) . All cattle were conditioned to high-concentrate fi nishing diets with the same barley-based step-up rations over a 3-wk period. Subsequently, steers received fi nishing diets (Table 1) as per their treatment group, with feed samples (500 g) collected from bunks on a monthly basis (n = 9) and analyzed by a commercial laboratory (Dairy One, Ithaca NY). Cattle in each treatment group were housed in 10 separate pens with an average of 227 animals/pen (range 152 to 305). Each pen was an experimental unit and the study period was from allocation to slaughter.
Animal Health and Marketing
Experienced animal health personnel (blinded to the experimental status of each pen) observed study animals at least once daily. All animal health events including treatment date, presumptive diagnosis, drug(s) administered, and doses were recorded on the chute-side computer system (iFHMS). Cattle were sold after pens reached an estimated full BW of 600 kg as per standard feedlot marketing procedures. The animals were shipped for slaughter to local abattoirs and approximately equal numbers of animals from each treatment group were shipped to the same packing plant for slaughter on the same day. At slaughter, the quality grade (QG), YG, and HCW were collected by technical staff, with carcass data collected from 2,162, 2,183, and 2,187 cattle from the WDDGS, CDDGS, and CTRL treatments, respectively.
Fecal Sampling
Freshly voided fecal pats were collected from the fl oor of each pen for the fi rst 6 wk and collected on a monthly basis thereafter. Five fecal pats (totaling approximately 400 g) were pooled from the pen fl oor and placed in a sterile Whirl-Pak (Nasco Canada, Newmarket, ON, Canada) bag, with 2 bags of pooled fecal pats collected per pen per sampling. A total of 196 pooled fecal pats were collected per treatment group during the study, with 18 to 20 pooled fecal pats collected per pen depending on slaughter dates of cattle. The samples were placed in a cooler with ice packs and shipped to the laboratory for analysis. Samples were processed at the laboratory within 24 h. To determine fecal pH, 30-g fecal pat subsamples were weighed into plastic cups with 120 mL distilled water, stirred thoroughly, and measured by a portable pH meter (Oakton Acorn, Fisher Scientifi c, Pittsburgh, PA).
Enumeration and detection of E. coli O157:H7
Contents of each bag were mixed manually before weighing. Duplicate 1-g subsamples of feces were enriched in 9 mL modifi ed E. coli broth with 20 mg/L novobiocin (mEC) and incubated for 6 h at 37°C. Enriched samples were then subjected to immunomagnetic separation (IMS) using anti-E. coli O157 Dynabeads (Invitrogen, Carlsbad, CA) as per manufacturer's instructions. A 50-μL aliquot of bead-bacteria complex was plated on sorbitol MacConkey agar with 2.5 mg/L potassium tellurite and 0.05 mg/L cefi xime (CT-SMAC; Dalynn Biologicals, Calgary, AB, Canada) and incubated at 37°C for 18 to 24 h. Three non-sorbitol fermenting (NSF) colonies, visually identifi ed as clear colonies, were randomly selected for latex confi rmation and positive colonies stored and frozen in glycerol. For enumeration of naturally occurring E. coli O157:H7, 1:10 dilutions from 1-g subsamples positive by IMS were added to mEC and 100 μL plated in triplicate on CT-SMAC. Serial dilutions were prepared as necessary to achieve plates containing 30 to 300 colonies for enumeration. Fecal samples were stored at 4°C for further dilution if required. Five random NSF colonies from each plate were tested for the O157 antigen using an O157 latex agglutination kit (Oxoid, Nepean, ON, Canada). Confi rmed O157 colonies were stored and frozen in glycerol.
Perineal hide swabs (n = 367, 12 to 13 per pen) were collected randomly from 4% of the total cattle in each pen before shipment of these animals to slaughter. A sterile sponge (Spongcicle, Med-Ox Diagnostics Inc., Ottawa, ON, Canada) was used to scrub a 100-cm 2 area on the perineum of the animal below the anus. The sponge was then inserted into a bag containing 45 mL mEC, shipped to the laboratory, and processed within 24 h. Each sponge was then incubated in the original transport media for 18 h at 37°C. Escherichia coli O157:H7 was detected by IMS, and 3 random NSF colonies were tested for the presence of the O157 antigen by latex agglutination as previously described. Isolates were frozen in glycerol.
Polymerase chain reaction was used to confi rm E. coli O157:H7 in feces and hide swab isolates. Colonies used for templates were suspended in 50 μL nuclease-free water and lysed at 95°C for 10 min before PCR. The O157 PCR included primers specifi c for Shiga toxin 1 (Stx1), Shiga toxin 2 (Stx2), intimin (eaeA), and fl agella (fl icH7) genes (Gannon et al., 1997; Paton and Paton, 1998) . An E. coli O157:H7 positive isolate contained eaeA, fl icH7 and at least one Shiga toxin gene.
Survival of E. coli O157:H7 in feces
Fresh, pooled pen-fl oor fecal samples were collected from each treatment group at 2 time points (<14 d on startup diets or ≥14 d on fi nishing diets). A 967-g subsample from each time point was confi rmed E. coli O157:H7 negative by IMS and then inoculated with a 5 strain mixture of naldixic acid-resistant (NalR) E. coli O157:H7: C0281-31N, E318N, and R508N (R.P. Johnson, Public Health Agency of Canada, Guelph, ON, Canada); E32511N and H4420N (VPJ Gannon, Public Health Agency of Canada, Lethbridge, AB, Canada). Each strain was enumerated by direct plating on CT-SMAC including 0.05 mg/L nalidixic acid (DP), and a total of 10 9 cfu was added to feces and mixed by electronic mixer (Kitchen aid, Mississauga, ON, Canada) on low speed for 3 min. Inoculated samples (n = 18) from each diet and time point were divided into triplicate 300-g samples, sealed, and incubated at 20°C. Onegram aliquots were tested weekly by DP and IMS until E. coli O157:H7 could no longer be detected for 3 consecutive weeks. The pH of each container was determined 1 d after inoculation, 6 wk after inoculation, and when E. coli O157:H7 was no longer detected.
Statistical analysis
The baseline (initial BW, hip height), feedlot performance (DOF, daily DM intake, slaughter weight, G:F), and carcass characteristic (dressing %, Canada yield and quality grades) data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) for treatment group effects and corrected for clustering of observations (replicate as random effect). Baseline variables and days on feed were tested as covariates of the feedlot performance variables and included in the fi nal models for the performance variables when signifi cant (P < 0.05) covariate effects were detected (Littell et al., 2006) . Overall P-values were derived from the F-test for treatment and comparison and P-values were differences of the least square means. Bacterial enumeration counts were log-transformed into cfu/g of feces. Enumerations of E. coli O157:H7 were analyzed using the MIXED procedure of SAS. Type III test effects were used to determine signifi cance (P < 0.05) of treatments with orthogonal contrasts comparing treatments and least squares means analysis used to evaluate signifi cant differences in treatments over time. Random effects were included for allocation group and repeated effects for sampling periods. Binomially distributed data from IMS detection of E. coli O157:H7 were analyzed using sampling period as a repeated measure in the GLIMMIX procedure of SAS. The α level for all analyses was ≤0.05, with Pvalues between 0.05 and ≤0.10 considered tendencies.
RESULTS

Animal Performance
The BW of cattle at allocation to the study was 298.0 ± 11 kg and the average slaughter weight was 615.5 ± 21 kg. Treatment groups did not differ with respect to initial BW and hip height (P ≥ 0.05, Table 2 ). Morbidity and mortality rates also did not differ across treatment groups (P ≥ 0.05, data not shown). Initial BW was used as a covariate (P < 0.05) for ADG and G:F on a carcass weight basis. Other variables were not adjusted. Compared with CTRL cattle, the WDDGS group had lighter slaughter HCW (P = 0.008), BW gain (P = 0.012), DMI (P < 0.001), ADG on a carcass weight basis (CWB, P = 0.030), and G:F (G:F-CWB, P < 0.001; Table 2 ). The proportion of Canada QG AAA carcasses was reduced (P = 0.022) in the WDDGS group compared with the CTRL group (Table 3). In contrast, CDDGS cattle had improved BW gain (P = 0.048), HCW (P = 0.022), daily DMI (P < 0.001), and ADG-CWB (P = 0.024) compared with the CTRL group. The CDDGS group also had a lower proportions of Canada YG 1 carcasses (P < 0.001) and greater proportions of both Canada YG 2 (P = 0.003) and Canada YG 3 carcasses (P < 0.001) compared with CTRL.
Comparing WDDGS and CDDGS, the WDDGSfed animals had lighter slaughter weights, BW gains, and HCW (P < 0.001). Feedlot performance (ADG and G:F) were poorer for WDDGS fed cattle compared with the CDDGS cohort on a BW basis (P < 0.001). In addition, carcass-adjusted ADG was 5.0% poorer and carcass-adjusted G:F was 4.6% poorer (P < 0.001) in the animals fed WDDGS. Cattle in the WDDGS group also had lower proportions of Canada YG 1 carcasses (P < 0.001) and greater proportions of Canada YG 2 (P = 0.02) and Canada YG 3 carcasses (P < 0.001) than cattle fed CDDGS.
Fecal Shedding of E. coli O157:H7 and Fecal pH in Naturally Colonized Cattle
The overall mean fecal prevalence of E. coli O157:H7 for the duration of the study was 27.7% (163/588; Table 4 ). The frequencies for detection of E. coli O157:H7 in feces were 28.57, 33.16, and 21.43% for cattle in the WDDGS, CDDGS, or CTRL groups, respectively. Pens positive for E. coli O157:H7 during each month of sample collection ranged from 5.0 to 61.1% for cattle in the WDDGS group, 5.0 to 60.0% for the CDDGS group, and 0 to 36.3% for the CTRL group. Dietary treatment did not infl uence (P = 0.65) the overall number of pens positive for E. coli O157:H7. Likewise, there were no differences in the overall number of pens positive for E. coli O157:H7 between sampling periods (P = 0.13) or among diets for each sampling period (P = 0.22).
The proportion of fecal pat samples that were enumerable by CT-SMAC plating was 6.46% (38/588), and average concentration of E. coli O157:H7 in positive samples was 2.30 log cfu. The magnitude of E. coli O157:H7 shed by cattle was not different (P = 0.87) between treatment groups. The magnitude of E. coli O157:H7 shedding with-in monthly sampling periods did not differ (P = 0.07) since only a small number of animals shed enumerable E. coli O157:H7.
The total frequency of positive E. coli O157:H7 hide swabs from cattle before slaughter was 23.7% (87/367). There was no difference (P = 0.20) in the frequency of positive hide swabs between dietary treatments: WDDGS (18.18%), CDDGS (27.64%), CTRL (25.20%), although positive hide swabs from cattle fed CDDGS tended to be more frequent (P = 0.08) than those from WDDGS cattle.
The mean pH of pooled feces was 6.94 for the WD-DGS group, 6.88 for CDDGS group, and 6.77 for CTRL group. The pH of feces was different (P < 0.001) between diets and sample periods. Cattle fed fi nishing diets containing WDDGS or CDDGS had a higher (P < 0.001) mean fecal pH than those cattle fed CTRL. Fecal pH of Table 2 . Production data for steers fed wheat-based (WDDGS) or corn-based (CDDGS) dry distillers grains plus solubles or control (CTRL) in the fi nishing period in western Canada 1 Steers in the WDDGS group were fed dry-rolled barley based diet with 22.5% (on a 100% DM basis), dry wheat distillers grains with soluble; steers in the CDDGS group were fed dry-rolled barley based diet with 22.5% (on a 100% DM basis), dry corn distillers grains with soluble; animals in the CTRL group were fed standard dry-rolled barley-based diet.
2 NA = not applicable.
3 NS = not signifi cant. Animals in the WDDGS group were fed dry-rolled barley based diet with 22.5% (on a 100% DM basis), dry wheat distillers grains with soluble; animals in the CDDGS group were fed dry-rolled barley based diet with 22.5% (on a 100% DM basis), dry corn distillers grains with solubles; animals in the CTRL group were fed standard dry-rolled barley-based diet.
2 Canada 1 = 59% or more lean yield percentage (LYP), Canada 2 = 54-58% LYP, Canada 3 = 53% or less LYP.
WDDGS and CDDGS groups tended to differ P = 0.07. Fecal pH was highest (P < 0.05) for sampling period 1, which occurred at the start of the trial when greatest forage concentrations were fed (Table 4 ).
E. coli O157:H7 and fecal pH in inoculated feces
The mean concentration of nalidixic acid-resistant (Nal-R) E. coli O157:H7 in feces decreased over time for all diets. There was no difference (P = 0.58) in the total number of E. coli O157:H7 enumerated among feces from WDDGS, CDDGS or CTRL groups. There was no difference (P = 0.95) among dietary treatments for the frequency of E. coli O157:H7 isolated. However, E. coli O157:H7 was detected more often (P < 0.01) in feces collected from cattle adapting to the initial diet compared with feces from animals receiving fi nishing diets for at least 2 wk (Figure 1) .
DISCUSSION
Animal Performance
The dry milling process to make DDGS results in approximately a 3-fold increase in protein, NDF, ADF, lipid, and mineral concentrations in corn DDGS compared with the original grain (Klopfenstein et al., 2008) . Steers fed WDDGS had lower slaughter weight, HCW, and ADG compared with steers fed CDDGS or CTRL. This is in contrast to previous studies where feeding up to 20% WDDGS had no effect on ADG or G:F in steers (Gibb et al., 2008; Walter et al., 2010) , and reasons for the reduced performance for the WDDGS diet in the present study are unclear. Possibly, greater numbers of cattle (6,817 compared with 120 in Gibb et al., 2008) enabled detection of reduced cattle performance for WDDGS diets in the present study. Alternatively, one potential difference between the present study and the aforementioned studies is the proportion of forage included in the diet. The current study used 5% barley silage (DM Basis) where Gibb et al. (2008) used 10% barley silage (DM basis) and Walter et al. (2010) fed 7.7% barley silage (DM basis). Accordingly, Miller et al. (2009) found that ADG was greatest for diets containing 9 to 12% alfalfa hay and DMI greatest for 12% alfalfa hay when feeding 25% corn DDGS in steamfl aked corn-based diets. When feeding DDGS, the concentration of dietary fi ber may play an important role in Table 4 . Mean pen prevalence, % and log cfu of E. coli O157:H7, and pH in fecal pats from pens with cattle fed fi nishing diets containing 22.5% wheat-based (WDDGS) or corn-based (CDDGS) distillers dried grain with solubles or control (CTRL) decreasing passage rate and allowing greater ruminal digestion of DDGS (Li et al., 2011) .
Steers fed CDDGS had greater HCW and ADG than cattle fed WDDGS or CTRL, which is similar to other studies where steers fed CDDGS gained weight faster and more effi ciently than cattle fed corn-based (Ham et al., 1994; Buckner et al., 2007) or barley-based (Walter et al., 2010) diets. Corn grain contains more fat than wheat, suggesting that the corresponding by-product (CDDGS) would have a greater feeding value in feedlot diets compared with WDDGS (Peterson, 2007) . At 20% inclusion on a DM basis, energy values of CDDGS have been estimated at 124% the value of dry-rolled corn (Ham et al., 1994) , whereas Gibb et al. (2008) estimated WDDGS fed at 20% dietary DM had a similar NEg to that of barley. However, using NE calculations based on cattle performance (Vasconcelos and Galyean, 2008 ) the CDDGS and WDDGS included at 22.5% of DM in the present study would be 96.07% and 75.25% the NE value of dry-rolled barley, respectively. Steers fed WDDGS or CDDGS had increased DMI compared with steers fed the CTRL, in accord with Gibb et al. (2008) , but contrary to Walter et al. (2010) , where DMI did not differ for 20% CDDGS or WDDGS diets compared with controls.
Steers in the WDDGS group produced fewer Canada QG AAA and more Canada QG AA carcasses, whereas cattle in the CDDGS group produced more Canada YG3 and fewer Canada YG1 carcasses, suggesting that feeding CDDGS may increase the amount of fat on the carcass. Walter et al. (2010) found increased dressing percentages when feeding either CDDGS or WDDGS, whereas other carcass traits were not affected. These fi ndings are also inconsistent with other studies where feeding WDDGS or CDDGS had no effect on carcass characteristics (Depenbusch et al., 2009; May et al., 2010) and may be refl ective of animal variation in previous studies which used 120 to 350 steers
Diet impacts on E. coli O157:H7
The fecal prevalence (27.7%) in the current study was greater than other recent studies (Wells et al., 2009; Edrington et al., 2010) which evaluated impacts of feeding CDDGS on naturally occurring E. coli O157:H7 in the feedlot environment. Two studies by Jacob et al. (2008a,b) noted a prevalence of 9.1% (67/738) in fecal samples collected from individual animals and 7.4% (213/2,877) from pen fl oor samples and found a positive association between feeding 25% wet or dried corn DG to cattle and fecal prevalence of E. coli O157:H7. More recently this group of researchers evaluated the effect of feeding wet or dried CDDGS to cattle with an initial fecal prevalence of 20.8% (695/3,350) for E. coli O157:H7 and found no signifi cant differences among cattle fed 0 or 20% CDDGS during the fi rst 12 wk on fi nishing diets although cattle fed 40% DDGS had greater prevalence of E. coli O157:H7 (Jacob et al., 2010) . Feeding brewers grains, a fermentation by-product similar to DDGS, was found to significantly increase shedding of E. coli O157:H7 in the feedlot environment, although overall pen prevalence for E. coli O157:H7 was high (86.7%; Dewell et al., 2005) . Feeding corn DDGS or wheat DDGS to cattle failed to detect any difference on fecal prevalence of E. coli O157:H7 in the present study, but other factors must be evaluated in conjunction with diet.
Other potential risk factors identifi ed for increased fecal shedding have been age, housing, and transmission from other persistent animal reservoirs such as dogs and birds (Cray and Moon, 1995; Synge et al., 2003) . Stress exposure such as weaning, frequent animal turnover, high stocking density, and mixing of animals have also been reported to increase fecal shedding (Stanford et al., 2005) . The decreased prevalence of E. coli O157:H7 during April to May as compared with October to November and July to August is likely attributable to seasonal variations as opposed to dietary factors as all cattle were fed fi nishing diets over this period.
Cattle are known to be intermittent shedders of E. coli O157:H7 with cattle positive for this pathogen one day and negative the next (Lahti et al., 2003) . Regardless of the overall E. coli prevalence in feedlot studies, ranges of prevalence between pens and over time have been very high and this may be due to inconsistent shedding among animals and/or within pens (Dewell et al., 2005; Wells et al., 2009; Berry et al., 2010) . As well, individual animals may have unique shedding patterns with periods of increased prevalence of shedding and longer periods of reduced or undetectable shedding (Synge et al., 2003; Stanford et al., 2010) . Inconsistent shedding of E. coli O157:H7 by cattle increases the diffi culty of determining impacts of factors including diet as animals may be in different stages of shedding.
Cattle within the current study ranged in fecal prevalence from 0 to 61.1%, but it was interesting to note that the shedding rates of E. coli O157:H7 for CTRL cattle had a narrower range than those cattle fed DDGS even though overall prevalence was similar for all diets (Table 5) . It has been suggested that periods of high shedding can be attributed to a small group of cattle termed "super shedders" which excrete >10 4 cfu/g of feces and transfer the organism to the general cattle population (Stephens et al., 2009; Stanford et al., 2010) . Jacob et al. (2010) found greater numbers of high-shedding cattle fed fi nishing diets with 40% CDDGS compared with cattle fed 20% CDDGS or grain-based diets. Cattle fed 40% wet CDDGS in the fi nishing phase before slaughter also had greater prevalence of E. coli O157:H7 from rectal grabs of individual steers than did control cattle fed (Wells et al., 2009 ). Perhaps some cattle are more sensitive to specifi c components in DDGS or DDGS are causing profound changes in the ecology of the gastrointestinal tract within specifi c cattle.
Variation in shedding of E. coli O157:H7 in cattle may be infl uenced by other bacteria found in the hindgut. Bacterial tag-encoded FLX amplicon pyrosequencing of cattle fed diets containing 50% DDGS compared with 0% DDGS found DDGS changed relative microbial population proportions in the rumen and lower gut although E. coli O157:H7 was not isolated (Callaway et al., 2010) . The composition of microorganisms in the gastrointestinal tract can be altered from competition between organisms for nutrients and attachment sites, host immune response, production of antimicrobial compounds, and interaction among organisms (Callaway et al., 2008) . It is possible that feeding DDGS may amplify E. coli O157:H7 in some cattle with microbial profi les already supportive of E. coli O157:H7 growth.
Cattle hides are the major source of contamination of carcasses by E. coli O157:H7 within the abattoir (Keen and Elder, 2000) . In the present study, proportions of hide swabs positive for E. coli O157:H7 did not differ with the addition of DDGS in fi nishing diets. Cattle fed WDDGS tended to have a lower prevalence of positive hide swabs and signifi cantly higher fecal pH compared with CTRL cattle, suggesting that high fecal pH does not increase persistence of E. coli O157:H7 in the environment. Cattle fed CDDGS also had a higher fecal pH than CTRL but did not differ signifi cantly in hide swabs positive for E. coli O157:H7 compared with CTRL cattle or those fed WD-DGS. Accordingly, fecal pH was not infl uenced by contamination of hides with E. coli O157:H7 (P = 0.20, data not shown).
The survival and persistence of E. coli O157:H7 in inoculated feces was not infl uenced by diet. Escherichia coli O157:H7 decreased gradually over time from all diets likely because of dehydration and decreasing availability of resources (Wang et al., 1996; Himathongkham et al., 1999) . Feces from cattle adapted to fi nishing diets for fewer than 14 d had enhanced persistence of E. coli O157:H7 compared with those cattle on the diet for longer than 14 d, in accord with Stanford et al. (2005) where animals on feed for <30 d were 6 times more likely to shed E. coli O157:H7 than animals on feed >30 d. The fecal pH of inoculated feces from all diets increased after the fi rst 6 wk, similar to other fecal inoculation studies where decreased concentrations of VFA over time after inoculation was suggested to enable E. coli O157:H7 to survive for long periods of time (Buchko et al., 2000; Bach et al., 2005; Varel et al., 2010) .
This study compared the effects of including wheat DDGS and corn DDGS in standard barley-based diets in commercial feedlot cattle in western Canada. Dried distillers grains and solubles composition varies among ethanol processing plants (Spiehs et al., 2002; Nuez-Ortin and Yu, 2010) ; therefore, DDGS inclusion amounts (Gibb et al., 2008) , grain processing method (Ham et al., 1994) , and forage inclusion amounts (Peterson, 2007) in diets containing DDGS should be carefully evaluated in conjunction with animal performance and fecal shedding of E. coli O157:H7. On the basis of the results of this study, the inclusion of WDDGS had negative effects, whereas including CDDGS has positive effects on feedlot performance and carcass characteristics compared with standard barley-based diets. The cost-effectiveness of using DDGS depends on commodity pricing relative to that of barley, and the risk of feedlot performance and carcass grading disadvantages should be considered when feeding WD-DGS. The incorporation of CDDGS or WDDGS in cattle fi nishing diets had no effect on prevalence or persistence of E. coli O157:H7, although DDGS may have increased variability of shedding. a-c Within a row, means without a common superscript differ (P < 0.05).
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